The correlates of ischemic syndromes complicating PTCA have been examined in some detail.1-7
grams of a subset of 96 consecutive patients was carried out. Ischemic complications occurred in 11 patients (11%). Multivariate analysis revealed that the independent correlates of complications, in decreasing order of importance, were the length of the tear or dissection (p=0.001), diameter stenosis after angioplasty (p=0.001), cross-sectional area after dilatation measured by videodensitometric methods (p= 0.013), and the presence of extraluminal contrast (p=0.044). When tear or dissection occurs during otherwise uncomplicated coronary angioplasty, patients at risk of developing delayed ischemic complications can be identified and may benefit from measures designed to minimize this risk. By controlling for the geometric or mechanical factors that result in tear or dissection, it has been possible to identify factors not previously thought associated with ischemic complications. Further studies are warranted to assess therapeutic approaches in patients undergoing coronary angioplasty for total coronary occlusion or unstable angina pectoris. (Circulation 1989;79:1035-1042) I schemic complications of percutaneous transluminal coronary angioplasty (PTCA) occur in approximately 4% of patients and constitute the major cause of morbidity and mortality associated with this procedure.1'2 When vessel closure occurs during PTCA, appropriate management can be instituted. However, approximately half of the ischemic complications that occur as a result of PTCA do so after the patient has left the catheterization laboratory. 3 The correlates of ischemic syndromes complicating PTCA have been examined in some detail. [1] [2] [3] [4] [5] [6] [7] The presence of intimal tear or arterial dissection after PTCA consistently figures as a significant predictor of ischemic complications. With the advent of techniques and devices8'9 that may minimize the likelihood of ischemic complications after angioplasty, it would be useful to identify, with the information available at the completion of the procedure, which patients with tear or dissection are at risk of developing complications after leaving the catheterization laboratory. Effective lumen diameter or area or both are probably of The 96 most recent consecutive angiographic films were subjected to detailed morphologic analysis by two experienced angiographers who were unaware of the outcome of the patient. Dissection was classified as either a linear intraluminal filling defect (tear, Figure 1 ), an extraluminal opacity (cap, Figure 2 ), or a spiral dissection (Figure 3 ). Of note, some overlap occurred between these descriptions depending to some extent on the angiographic projection, and when the two angiographers disagreed, a third was asked to arbitrate. In addition, the length of the dissection was measured and was recorded whether or not it exceeded the length of the stenotic lesion or the length of the dilatation balloon. An estimate was made of whether or not vessel wall contrast staining occurred in the region of the dissection. As well as measuring stenosis severity after PTCA with digital calipers, we also assessed the minimum cross-sectional area of the dilated segment by videodensitometry (XR-70, Vanguard Instrument, Melville, New York), with the known diameter of the angioplasty guiding catheter as a calibration reference.
Ischemic Complications
The following were considered ischemic complications of PTCA: death, coronary artery bypass surgery judged necessary because of ischemia, myocardial infarction (rise of creatine kinase to >three times the upper limit of normal for our laboratory together with the presence of some myocardial creatine kinase iso-enzyme, or the development of pathologic Q waves on the electrocardiogram or both), chest pain or electrocardiographic changes resulting in recatheterization, and recurrent chest pain with ischemic electrocardiographic changes. Only those complications that occurred during hospitalization for PTCA were considered. All clinical, angiographic, procedural, and outcome variables were prospectively recorded by physicians on standard forms, audited for completeness, and stored in a computerized data base. Statistical Analysis Discrete variables were compared with the x' or Fisher's exact test where appropriate, and the significance of linear trends was assessed by x2
analysis. Continuous variables were compared between groups by the Student's t test. A probability (p) less than 0.05 was considered significant. Multivariate analysis was performed with multiple logistic regression, including those variables that were significant at thep<0.1 level in the univariate analysis. Analysis was carried out with a commercial statistical package (BMDP Statistical Software). Continuous variables are expressed as mean±SD. For discrete variables, the crossproduct (or odds) ratio was calculated whenp <0. 1 (probability of event occurring when condition exists multiplied by the probability of no event when condition does not exist divided by probability of event when condition does not exist multiplied by probability of no event when condition exists). (Table 4) . Preprocedural variables associated with complications were total occlusion of the dilated segment before PTCA, which was present in 27% of the patients who developed an ischemic complication compared with 4% of those who did not (p<0.05), and length of the stenosis to be dilated (15±7 vs. 9±5 mm, p<0.02). Routinely recorded variables after PTCA associated with ischemic complications were diameter stenosis of 25% or more (91% of patients with complications vs. 61% of those without, p<0.05; see Figure 4 ) and calculated minimum luminal cross-sectional area (2.4± 0.7 vs. 3.2±1.4 mm2, p<0.01).
The specific morphologic factors that were associated with complications were the length of the dissection (16±10 vs. 7±4 mm, p<0.05), the presence of extraluminal contrast (82% vs. 52%, p=0.056), and videodensitometric cross-sectional area less than 2 mm2 (82% vs. 52%,p=0.056; Figure  5 ). The length of the dissection was strongly correlated with the likelihood of developing an ischemic complication (p <0.001, Figure 6 ).
Multivariate correlates of complications, in order of importance, were the length of the dissection (p=0.001), diameter stenosis after PTCA of 25% (72) rideodensitometric cross-sectional area <2 mm2 9 (82) ,xtraluminal contrast ("cap") 9 (82) ntraluminal filling defect ("tear") 1 (9) ,piral dissection 1 (9) 'ontrast staining The variables previously found to correlate with ischemic complications after PTCA are female gender, the presence of unstable angina, multivessel coronary artery disease, length and eccentricity of the lesion to be dilated, localization of the lesion at a branch or bend point, and the presence of a high pressure gradient after PTCA or residual stenosis. -7 In the present study, female gender, multivessel coronary artery disease, eccentricity of the stenosis, and localization at a bend point of the artery were not significant correlates of ischemic complications. The implication of this finding is that these clinically or "geometrically" related factors are more likely to correlate with the development of arterial tear or dissection than with ischemic complications per se. The finding that a high transste- will be important. This study, which uses all of the clinical and angiographic data available at the completion of the PTCA procedure, suggests that the length of the dissection, together with diameter stenosis after dilatation are most strongly correlated with subsequent ischemic events. Classification as to whether the dissection extended beyond the lesion dilated was less predictive than the absolute length of the dissection. Because dissection length as a continuous measure was linearly correlated with complications, the use of this measurement may be of more value when planning management than the use of the somewhat arbitrary division into "intimal tear" or "dissection" as has been suggested.'3 Videodensitometry seems to provide independent information about the structure of the damaged arterial segmnent, and on-line measurement of stenosis after PTCA with this technique18 may be useful in patients with dissection. Patients with unstable angina or those undergoing PTCA for completely occluded arteries are at increased risk if their arteries develop dissection. Management strategies for these groups of patients warrant further study.
